Synaptophysin belongs to a group of related polypepThe N-glycosylated integral membrane protein syn-tides that includes, in addition to the other neuron-speaptophysin is one of the major polypeptide compo-cific member synaptoporin (also referred to as synaptonents of small presynaptic transmitter-containing ves-physin II), the ubiquitously expressed pantophysin [3] [4] [5] [6] [7] . icles in neurons and of similar vesicles in neuroendo-Common features of these polypeptides are four highly crine cells of mammals. Functional properties, conserved hydrophobic, putative transmembrane doincluding a possible participation in channel forma-mains, variable cytoplasmic termini, and intravesicular tion, have been investigated by integration of purified loops containing conserved cysteine residues and an Nsynaptophysin into planar lipid bilayers. To overcome glycosylation site [3] [4] [5] [6] [7] [8] [9] . It has been shown that synaptosome of the inherent limitations of such an in vitro physin and synaptoporin form homooligomers [6, 9, 10] approach we have overexpressed the rat synaptophy-and that synaptophysin is phosphorylated on serine and sin cDNA in nonneuronal, non-neuroendocrine insect tyrosine residues [11][12] [13] . 
INTRODUCTION

alterations.
We describe now the expression of synaptophysin in The biogenesis and repetitive recycling of presynapovarian-derived insect cells with the help of recombitic transmitter-containing vesicles must be controlled nant baculovirus and report the purification of a disby extremely reliable and efficient mechanisms in order tinct synaptophysin-rich vesicle type from these cells. to maintain an extraordinary compositional specificity This cell system should be a valuable tool to examine while allowing rapid exocytotic transmitter release and the role of synaptophysin and synaptophysin mutants reformation of functional synaptic vesicles. We are trying to understand the role of synaptophysin in the life cycle of these vesicles as it has been identified as one of their major integral membrane components [1, 2] . Invitrogen) ] were grown at 28ЊC in TNM-FH medium (Sigma, St. Louis, MO) that was supplemented with 10% fetal calf serum (ICN Biomedicals GmbH, Meckenheim, FRG). Cells were passaged as monolayers in plastic vessels under standard conditions [27, 28] . In some instances tunicamycin (Sigma) was added to cultures at 1 mg/ ml for up to 2 days.
Spodoptera frugiperda
Production of recombinant baculovirus and infection of cultured insect cells. The rat synaptophysin cDNA was excised from plasmid pSR 5 [8] by linearization first with HindIII and blunt end formation using T4 DNA polymerase followed by restriction with NotI. The 1-kb insert fragment was cloned next to the polyhedrin promoter of the transfer vector pVL 1393 (Invitrogen) that was linearized with BamHI, treated with T4 DNA polymerase, cleaved with NotI, and dephosphorylated with calf intestinal phosphatase. Two micrograms of purified DNA of the resulting plasmid pBSR1 were cotransfected with 1 mg wild-type baculovirus DNA (Autographa californica nuclear polyhedrosis virus; kindly provided by Hanswalter Zentgraf). The DNAs were suspended in 0.75 ml buffer (25 mM Hepes (pH 7.1), 140 mM NaCl, 25 mM CaCl 2 ) and added dropwise to 1 1 10 6 Sf9 cells during their logarithmic growth phase in a 12-cm 2 petri dish with 0.75 ml culture medium. After 4 h incubation at 28ЊC cells were washed two times with TNM-FH medium and grown for another 5-8 days until multiple nuclear polyhedra and extensive cell lysis were visible. The culture supernatant was saved and tested for the presence of virus that had taken up the synaptophysin gene by recombination with the polyhedrin gene. [8] that had been radiolane) were separated by 12% SDS-PAGE and synaptophysin was actively labeled by random oligonucleotide-directed priming [29] . The detected by monoclonal antibody SY38 and the alkaline phosphatase system. 
MATERIALS AND METHODS
by 12% SDS-PAGE prior to immunoblotting. Positions of coelectrophoresed size markers are shown on left by arrowheads (from top to bottom: ovalbumin, M r 45,000; glyceraldehyde-2-phosphate dehydroCell lines. NE rat pheochromocytoma cells of line PC12 (ATCC CRL 1721) were cultured as described [15] . Insect cells from either genase, M r 36,000; carbonic anhydrase, M r 29,000).
supernatants from cells showing a positive hybridization signal were subjected to further rounds of dilution and hybridization until no polyhedrin bodies were seen in infected cells. These supernatants containing recombinant virus BRSY were used for large-scale production of synaptophysin in infected insect cells.
Immunofluorescence and immunoelectron microscopy. Immunolocalization of synaptophysin by monoclonal antibody SY38 [2] or affinity-purified synaptophysin antibodies from rabbit [18] by immunofluorescence microscopy of methanol/acetone-treated cells and immunoelectron microscopy has been described [2, 18]. For electron microscopy detergent treatment was omitted in some instances of partially lysed cells.
Subcellular fractionation of synaptophysin-containing membranes. Cells or minced small tissue pieces were lysed in hypotonic buffer H (10 mM triethanolamine acetic acid (pH 7.4), 1 mM EGTA, 1 mM EDTA, 0.1 mM DTT, and 0.2 mM phenylmethylsulfonyl fluoride) and homogenized in a tight-fitting Dounce homogenizer by 20 to 30 up and down strokes. Centrifugation at 800g for 5 min yielded postnuclear supernatant S1. For further enrichment of synaptophysin-containing vesicles S1 supernatant [500 mg protein as determined with the Bradford reagent (Bio-Rad, Hercules, CA)] was loaded onto an 11-ml linear sucrose gradient (15-60% in buffer H). After centrifugation at 270,000g at 4ЊC for 160 min in a SW 40 rotor (Beckman, Palo Alto, CA), 600-ml fractions were collected from top to bottom. Synaptophysin content was determined by ELISA as described recently [18, 28] .
For analysis of detergent solubility of synaptophysin, postnuclear S1 supernatants were centrifuged at 100,000g for 1 h at 4ЊC and the resulting pellets were treated with different detergents [Triton X-100 (Serva, Heidelberg, FRG), NP-40 (Fluka, Buchs, Switzerland), n-octyl-b-D-glucopyranoside (Sigma), Chaps (Sigma)] each at 1% (w/ v) in buffer H supplemented with protease inhibitors (2 mg/ml E64 (Sigma), 40 mg/ml bestatin (Boehringer), 1 mM pepstatin (Boehringer), and 0.2 mM phenylmethylsulfonyl fluoride) overnight at 4ЊC under constant agitation. The solution was again centrifuged at 100,000g for 1 h at 4ЊC, and supernatant and pellet fractions were analyzed by SDS-PAGE and immunoblotting [cf. 8, 18] .
Synaptophysin-containing vesicles were immunoisolated from cells that were metabolically labeled [1 h, 200 mCi Tran 35 S-Label (ICN Biomedicals GmbH) with 6 ml methionine-deficient medium (Excell 401 from Sera-lab, Crawley Down, UK) per 10-cm-diameter petri dish]. Approximately 4 1 10 6 magnetic particles coated with sheep anti-mouse IgG1 (Dynabeads M-280; Dynal, Hamburg, FRG) were preadsorbed for 1 h in 5 ml isolation buffer IB (PBS containing 10 mM EGTA, 0.1% BSA, and 10 mg/ml L-a-phosphatidylcholine type XVI-E from Sigma) supplemented with 1 ml postnuclear supernatant of noninfected, nonlabeled Sf9 cells, washed three times with IB, and coupled to monoclonal synaptophysin antibody SY38 [2] by incubation with 2 ml SY38 hybridoma together with 2 ml IB for 1-2 h. After several washes in IB, beads were resuspended in 5 ml IB, mixed with 2.5 ml of synaptophysin-containing sucrose gradient fractions (see above) that had been prepared from labeled cells, and incubated for 1 h. Immune complexes were washed several times with IB, including a short high-salt wash with 1 M KCl in IB, and the immunoisolated material was analyzed by immunoblotting and  FIG. 3 . Detection of synaptophysin in eluates from a chromatofoautoradiography after SDS-PAGE. cusing column. Proteins contained in 100,000g pellets of S1 fractions
Chromatofocusing. Postnuclear S1 supernatants were prepared from BRSY-infected Sf9 cells (72 hpi) were solubilized in 1% Triton-(see above) and centrifuged at 100,000g for 1 h at 4ЊC. The resulting X 100 and the resulting nonpelletable material was applied to a chromatofocusing column. (a) ELISA detecting synaptophysin immunoreactivity (absorption measured at 405 nm on left ordinate, squares) in eluting fractions. Absorption of the eluate was monitored at 280 nm with a flow through photometer (/, left ordinate with (c) Immunoblot detection of synaptophysin in fractions correspondarbitrary scale) and the pH was determined in every fourth 2.5-ml ing to those shown in (b) by monoclonal antibody SY38 and the fraction (stars; right ordinate). Note that the bulk of synaptophysin is alkaline phosphatase system. Arrowheads in (b, c) show position detected in the pH range 4.8 to 3.8. (b) Silver staining of polypeptides of coelectrophoresed size markers (from top to bottom: M r 67,000; contained in selected synaptophysin-containing peak fractions of a 45,00; 36,000; cf. higher-molecular-weight immunoreactive bands and separated by SDS-PAGE, and detected by silver staining [30] .
the concommitant increase of a lower-molecular-weight
In vitro transcription and translation. In vitro transcription and species comigrating with synaptophysin generated in translation was performed as described using T3 RNA polymerase and HindIII-linearized plasmid pSR 5 [8] . In some experiments pan-vitro from the cloned cDNA (compare Figs. 1c and 1d ). creatic microsomes (Promega) were added to the in vitro translation This demonstrates that a significant proportion of synreaction following the procedures suggested by the manufacturer. aptophysin is N-glycosylated in infected insect cells. showed that synaptophysin could be extracted from To examine the distribution of synaptophysin in nonepimembranes most efficiently with n-octyl-b-D-glucopyrthelial, non-NE ovarian insect cells we constructed and anoside (Fig. 2) . produced the synaptophysin gene-containing baculoviBy isoelectric focusing it has been estimated prerus BRSY that was enriched by several rounds of diluviously that synaptophysin has a very low pI of about tion and nucleic acid screening of infected Sf9 cells. In 4.8 with several isoelectric variants [2]. We therefore immunofluorescence microscopy a strong perinuclear fractionated solubilized synaptohysin from infected instaining was noticed that could be resolved as multiple sect cells on a chromatofocusing column and could show cytoplasmic dots in the cell periphery of BRSY-infected that it elutes in the expected pH range between 3.8 cells (Fig. 1a) . For optimization of expression, several and 4.8 (Fig. 3a) . This procedure could be used to enrich insect cell lines were tested for synaptophysin content synaptophysin sufficiently to detect it by silver staining after infection with BRSY at different time points. The ( Fig. 3b and corresponding immunoblot in Fig. 3c ). immunoblot in Fig. 1b shows that the highest synaptophysin level was detectable two days after infection in
Microscopical localization of synaptophysin in infected insect cells. Sf9 cells infected either with BRSY Sf9 cells (Fig. 1b, lane 2) which was severalfold higher decorated by gold particles (Fig. 5a) , and abundant synaptophysin immunoreactivity was consistently detected on the cytoplasmic side of smoothly surfaced vesor with wild-type baculovirus were compared by elec-icles of various sizes (arrows in Fig. 5b ) and in certain tron microscopy (Fig. 4) . In both instances many vesicu-patterns on the inner aspect of the plasma membrane (arrowheads in Fig. 5b ). lar profiles of different diameter were seen in the cyto- 
Isolation of synaptophysin-rich vesicles from BRSY-
graf for many useful tips and help in the establishment of the bacuinfected insect cells. Sucrose gradient centrifugation lovirus expression system. The work was supported by the German of postnuclear supernatant fractions was performed to Research Council (SFB 317). enrich synaptophysin-containing cytoplasmic vesicles. ELISA and immunoblot analyses showed that synapto-
